It has been critical in clinical dentistry to understand the r esponse properties of periodontal mechanoreceptors (PMRs) when the occlusal condition was ch anged, because the PMRs are important sensory receptors controlling jaw movement . Therefore, we investigated the effect of opposed tooth loss on the response properties of PMRs in rat molars . All mandibular molars in an in vitro jaw -nerve preparation , made fro m a rat without opposed teeth , were carefully extracted before electrophysiological recordings . Si ngle-unit discharges evoked by direct mechanical stimuli with von F rey hairs applied to the PMRs were recorded from the inferior alveolar nerve on day 3 , and 1, 2, 4, 8, and 12 weeks after opposed tooth extraction . The foll owing results were obtained;
Introduction
The periodontal mechanoreceptor (PMR) is well known as an important sensory receptor excited by mechanical stimuli applied to the teeth. Periodontal inputs are reported to control jaw movements and to influence many reflex systems in the oro-facial region1). The physiological properties of the PMR have been studied using several physiological methods in animals2-4) and man5). In the rat, morphological studies showed that the periodontal ligament was richly supplied by two types of mechanoreceptive sensory receptors, defined as free nerve endings and
Ruffini-like endings6,7).
Recently, the precise recording of response properties of PMRs has been realized using an in vitro jaw-nerve preparation8). Using this method, Ishii9) observed two types of response pattern and showed that rat PMRs in incisors and in molars have different physiological properties. Although the responsiveness of PMRs to mechanical stimuli in the normal occlusal condition has been widely investigated5,9,10), quantitative studies on the response properties of PMRs in abnormal occlusal conditions, such as decreased occlusal contact and traumatic occlusion, have not been attempted. Therefore, this study was undertaken to determine changes in the response properties of PMRs when the opposed teeth were extracted in order to decrease occlusal force. in a cold microtome (Yamato Kohki, Saitama, Japan) .
were prepared. The rabbit polyclonal anti-human protein gene product (PGP) 9.5 antibody (Ultraclone, Cambridge, UK), which recognizes the cytoplasmic protein distributed in the central and peripheral neurons11,12), was used for immunohistochemical visualization of nerve elements. The rabbit polyclonal antihuman PGP 9.5 antibody used as the primary antibody in this study has been fully characterized previously11,12). The cryostat sections were processed for indirect immunostaining by the avidin-biotin-complex (ABC) method13) using a commercially available kit (Vector, CA, USA). After inactivation of endogenous peroxidase with 0.3% H2O2 in absolute methanol for 30 minutes, nonspecific immunoreactivity was blocked by pre-incubation in 2% normal goat serum in phosphate-buffered saline. The sections were first reacted with the rabbit polyclonal anti-human PGP 9.5 antibody diluted at 1:10,000 with 2% normal utive incubations with biotinylated anti-rabbit IgG
(1:400) (Chemicon, CA, USA) and ABC complex, respectively. The immunoreactive sites were visualized with 0.02% 3, 3-diaminobenzidine tetrahydrochloride (Dojin Chemical, Kumamoto , Japan) and 0.01% H2O2 in 0.05M tris-HCl buffer (pH 7 .6). Sections were then mounted on slide glass using glycerin .
Experimental setup
The schematic experimental setup ( To estimate conduction velocity of the innervated fiber, bipolar concentric needle electrodes were employed to deliver electrical stimulation (duration : 0 .1 ms, strength: 0.5-1 .0mA, frequency: 1Hz) . The conduction velocity was estimated from the distance and conduction time between the stimulating and recording electrodes , and was corrected to the value bundle using the conventional microneurographic method16).
ANOVA followed by Fisher's PLSD post hoc test was used to verify statistical significance (p<0.05).
Results

General
In this study, mechanical stimulation was applied directly to the periodontal ligament after extraction of three mandibular molars in an in vitro preparation. Fig. 2 B) .
The frequencies of the initial spontaneous activity in our preparation were low or none (0-0.3Hz). This activity was a good indicator that the damage of surgical removal of the jaw and tooth extraction was not so severe for electrophysiological recordings.
Stable recordings were made for up to five hours in our preparation.
Adaptation properties
Responses to mechanical stimuli were recorded from a total of 120 functional single units and were classified into 110RA and 10SA type units. RA types were subdivided into RA on, RA off and RA on-off.
RA on unit had a few spikes when mechanical stimulation was applied, and RA off unit had them when mechanical simulation was terminated. RA on-off unit had a few spikes when the stimulation was applied and terminated. Typical examples of each type are shown in Fig. 3 (Table 2 ).
Conduction velocity
The conduction velocities of 120 mechanoreceptive units were distributed between 2.1 and 34.7m/s with conduction velocity among each experimental group were not significant, the conduction velocities of five experimental groups (3-day and 1, 2, 4, and 8-week post-extraction groups) were significantly slower than that of the control group (Fig. 4 B) .
Discussion
There have been a number of reports on the properties of PMRs in various animal species3,10,17). Since these data were obtained mainly from in vivo preparations, quantitative analyses of the response properties Fig. 2 were rather difficult. However, using an in vitro jawnerve preparation, the precise properties could be investigated electrophysiologically. Our in vitro jawnerve preparation has a number of advantages, such
as (1) to control quantitatively all environmental variables surrounding the periodontal tissue, and (2) to directly apply von Frey hair stimulation. Although the period of stable recording has so far been limited to five hours, it has proven adequate to record the activities evoked by mechanical stimuli applied to the periodontal tissue. Tissue damage by surgical removal of the jaw and teeth may be a disadvantage . However, the frequencies of the initial spontaneous activity in our preparation were low or none , suggesting that the damage might not be so severe as to interfere with recording.
Adaptation properties
There have been many studies on the adaptation properties of PMRs5,9,10,17-19 Table 1 Adaptation properties of the periodontal units Table 2 Mean threshold values of PMRs in mN
It is well known that the adaptation properties of ings agree with a previous study by Ishii9) , reporting that only RA type units were observed in intact molars and that the majority of the unit types displayed an on-off pattern in the rat molar. Therefore , it seems moot that the loss of occlusal force had significant functional influences on the adaptation properties in rat molars.
2, Threshold
The thresholds of the experimental groups temporarily showed lower values compared with the control group, particularly the first two experimental groups (3-day and 1-week post-extraction groups) . In the 12-week post-extraction group, the threshold value was higher than that of the control group . Below, we show four possible explanations for the changes of threshold after opposed tooth extraction . 
Conclusion
Sensory information from PMRs plays an important role in jaw movement or mastication. However , influence of occlusal hypofunction induced by opposed tooth loss is still unknown. This study was undertaken to reveal whether occlusal force reduction could induce changes of response properties of the PMRs using an in vitro jaw-nerve preparation.
The von Frey threshold of the mandibular molar was significantly lower on day 3 or 1 week after the extraction of three opposed molars. However, it was higher than the control value after 12 weeks. The conduction velocity of the innervated fibers remained slower than the control during the 8 weeks after opposed tooth extraction. These results indicated that sustained functional changes could be clearly induced in PMRs after opposed tooth loss. It is also suggested that the stomatognathic system, which is dependent on somatosensory inputs, might be severely affected in occlusal hypofunction.
